For the assessment of human vitamin E status, several newly proposed indices have been reported including the plasma tocopherol/lipid ratio (1-3) , the platelet tocopherol (4-7) and the red blood cell (RBC) tocopherol level (8) (9) (10) , because the commonly used plasma tocopherol level has been shown to be easily affected by variations in plasma lipids (11) (12) (13) . However , these indices do not give consistent results regarding the nutritional status of vitamin E in children , especially in neonates (14) . The recent progress in HPLC has facilitated the assay of very small amounts of tocopherol, allowing tocopherol levels in swabbed mucosal cells to be determined, and the suitability of buccal cells for assessing tocopherol levels has been investigated (15) . In this study, we investigated buccal cell tocopherol concentrations in neonates, children, and adults, as well as the changes in buccal cell tocopherol concentrations after the oral administration of a vitamin E preparation in relation to the changes in RBC and plasma tocopherol levels . In addition, the effects of body lipid pools on the biological availability of tocopherol in vivo were investigated on the basis of changes in the buccal cell tocopherol concentration .
MATERIALS AND METHODS
Subjects. 1) Newborn infants: Nineteen healthy mature newborn infants (weighing 2,750 to 3,680g) from our newborn nursery were examined before their first feed after birth. None of the infants had delivery complications (Apgar score was more than 8) or any evidence of intrauterine disturbances .
2) Children: Ninety-seven apparently healthy children (2 to 15 years old) (54 boys and 43 girls) who were on an adequate diet but no vitamin E supplements, and who visited our outpatient clinic for health checks , were enrolled.
3) Adults: Healthy male volunteers, aged from 23 to 27 years old , were enrolled in this study. The adult volunteers were administered a daily dose of 600mg of RRR-alpha-tocopherol for 3 months. 4) Obese children: Fifty-five obese children (32 males and 23 females , with various degrees of obesity) who were attending our outpatient clinic for obesity were also enrolled in this study. The tocopherol concentration was compared between children with different degrees of obesity . Furthermore, 21 of 74 male obese children with plasma lipid levels of 500mg or more/100ml were compared with 38 age-matched obese children with plasma lipid levels under 500mg/100ml . The grade of obesity was calculated as the percentage obesity for height .
The study protocol was approved by the ethics committee at the college hospital, and the study was performed after informed consent was obtained from the parents and subjects.
Sample preparation. 1) Buccal mucosal cells: The subjects first rinsed their mouths with distilled water, and the buccal mucosal cells were then collected by gentle scraping with a spatula. Cells on the spatula were suspended in isotonic saline and washed three times with saline. After the last washing , the pellet was resuspended in 2ml of distilled water. Then , the suspension was vortexed and the findings in the healthy children, the lower limit of normal for buccal mucosal cells would be 15ng/mg protein. If 15ng/mg protein is used as the lower limit of normal for buccal cell tocopherol, approximately 37% of healthy newborn infants had values below the lower limit. The buccal cell tocopherol data did not confirm previous clinical impressions based on RBC tocopherol levels and tocopherol/lipid ratios (9,10).
2. Changes in tocopherol concentrations in buccal mucosal cells after administra tion of tocopherol, compared with RBC and plasma concentrations After the oral administration of 600mg of RRR-alpha-tocopherol/day for 3 months to young adults, the tocopherol concentrations in buccal mucosal cells, RBCs, and plasma respectively increased to 3.5times, 2.2times, and 2.8times the original values ( Table 2 ). The increase of the tocopherol/lipid ratio was the same as that in the plasma tocopherol level, because no changes occurred in plasma total lipid levels during the study period. Plasma and RBC tocopherol levels reached a maximum after one month of supplementation, and thereafter continued at plateau levels, while buccal cell tocopherol continuously increased during the administra tion period.
The correlation between tocopherol concentrations in buccal mucosal cells and other samples, and between the tocopherol/lipid ratios and the other samples are shown on all the measurements before and after administration in Fig . 2 . As shown in Fig. 2 , buccal mucosal cell tocopherol levels showed a relatively poor correlation with the RBC and plasma tocopherol levels and the tocopherol/lipid ratios , while the tocopherol/lipid ratio was closely correlated to plasma and RBC tocopherol levels. This indicated that changes in the tocopherol content of the buccal mucosal cells after administration were different from those in plasma and RBC tocopherol levels.
The time courses of changes in the tocopherol levels in buccal mucosal cells , RBC, and plasma after a single dose of 600mg of RRR-alpha-tocopherol were investigated, as shown in Fig. 3 . RBC and plasma tocopherol concentrations reached maximum levels within 24h, while the maximum level in the buccal mucosal cells was only reached 4 to 6 days later. This finding indicates that transportation of tocopherol to buccal mucosal cells takes more time after ab sorption than it does for plasma and RBC. This could explain the poor correlation of buccal mucosal cell tocopherol levels to plasma and RBC tocopherol levels and the tocopherol/lipid ratios. Since buccal mucosal cells seem to approximate the situation of most body cells, measurement of the tocopherol concentration in the buccal mucosal may be a better method for assessment of the vitamin E nutritional status of tissues. Fig. 2 . Correlation between all the measurements (n=54) before and after adminis tration of tocopherol in young adults for three months.
3. Tocopherol concentrations in buccal mucosal cells in obese and hyperlipemic children In our previous investigation of RBC tocopherol levels (12) , the level in highly obese and hyperlipemic children has been reported to be lower than that in age-matched less obese and normolipemic children. In this study, we attempted to confirm on the basis of buccal cell tocopherol changes whether obesity and hyperlipemia affected the tissue tocopherol concentration. In the obese children , tocopherol levels in plasma, RBC, and buccal cells did not differ between boys and girls (data not shown). As shown in Table 3 , buccal cell tocopherol concentrations were significantly lower in very obese (obesity grade of 40% or more) children , when compared with those in non-obese children (p<0.01). RBC tocopherol levels in this very obese group were also significantly lower than those in the non-obese group, indicating that the changes in RBC tocopherol content were consistent with the findings of our previous report (8) . Plasma tocopherol levels were significantly higher in very obese children, probably due to their hyperlipemia , because there was no difference in tocopherol/lipid ratio between the groups. These obese children were divided into two groups on the basis of plasma total lipids: one with a plasma lipid level of 500mg/100ml or more and the other with a level of less than 500 mg/100ml. Age did not differ between the groups, while there was a slight difference in obesity grade. Plasma tocopherol levels were higher in hyperlipemic, as has previously been reported (1, (11) (12) (13) , while buccal mucosal cell tocopherol levels were significantly lower in hyperlipemic obese children than in normolipemic obese children (p<0,05, Table 4 ). The RBC tocopherol level was concomitantly lower in the hyperlipemic group than in the normolipemic group (p<0.01), as reported in our previous paper (12) . This finding appears to confirm the concept that increased lipid pools in the body, including adiposity and hyperlipemia, can act as a relatively nonexchangeable depot for tocopherol and can drastically affect its uptake by other tissues, possibly as a result of competition between the excess amounts of lipids in plasma and adipose tissue and the membrane lipids of other tissues (20, 21) . We have previously studied RBC and platelet tocopherol levels as an index of vitamin E status (8, 9, 12, 15) . However, RBC and platelets are specialized cells without nuclei or low-density lipoprotein (LDL) receptors. Traber and Kayden (22) reported on the significance of LDL tocopherol in the delivery of tocopherol to tissue cells. In this light, we suggested that the direct measurement of tocopherol concentrations in buccal mucosal cells, which contain LDL receptors, should provide information that is of clinical value, particularly in view of the low correlation between buccal mucosal cell tocopherol levels and those in blood components.
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